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(57) The present invention is applied for life man- 
agement of high-temperature parts of a gas turbine and 
the principal object is to improve efficiency of the life 
management. 

The life management system according to the 
present invention comprises one server system 3 and a 
plurality of client systems 5a,5b,5c, and 5d : all of which 
are connected via an Intranet. Further, the server sys- 
tem 3 manages a program for performing evaluation of 
the remaining life and the life management, and each of 
the client systems 5a, 5b, 5c,and 5d has a subprogram' 
for accessing the database 4 and entering data thereto, 
respectively. Furthermore, the life management system 
has a configuration in which technical data are saved in 
databases belonging to respective client systems 5a, 
5b, 5c : and 5d and data necessary for the life manage- 
ment are transferred to the server system 3. 

The life management system according to the 
present invention can cut down a period necessary for 
the evaluation of the remaining life by a configuration in 
which clients dedicated to different objects share re- 
spective element data such as real component damage, 
design, materials, etc. which are necessary for the eval- 
uation of the remaining life. Further, this system enables 
the operation of the gas turbine to be optimized based 
on the damage of the evaluated parts, hence contribut- 
ing to operational cost reduction of the gas turbine. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a life management system for parts comprising a gas turbine that reach a 
high temperature when in use due to the combustion gas of very high temperature thereof (hereinafter referred to 
simply as "high-temperature parts"). . 

BACKGROUND ART 



[0002] A combustor. nozzle blades, etc., which are the high-temperature parts of the gas turbine, are located in a 
channel of the combustion gas of a very high temperature, and therefore may suffer damages, such as thermal fatigue 
cracking creep deformation etc. which break out due to thermal strain induced repeatedly in connection with start-ups 
and shutdowns of the gas turbine and a high-temperature environment during its steady operation. A gas turbine power- 
generating unit in which electric power is generated by driving a power generator with rotational output of the gas 
turbine has merit of an excellent operability compared to other power-generating units. 

[0003] Therefore, the gas turbine power-generating unit is imposed with severe operating conditions such as Daily 
Start -up and Shutdown (DSS) and Weekly Start-up and Shutdown (WSS). Operations, such as these DSS and WSS, 
where the number of start-ups and shutdowns reaches a large value are employed frequently. Especially, because the 
20 high-temperature parts of the gas turbine are used under extremely severe conditions, heat-resistant superalloys of 
nickel base or cobalt base are used for these parts. Although being superalloys ; such high-temperature parts are used 
under conditions close to their critical temperatures, and that there is a variation in operating conditions as described 
above. Consequently, these parts are likely to suffer damages considerably earlier than other parts. 
[0004] Therefore, when putting the gas turbine into operation, it is periodically suspended, parts including the fligh- 
ts temperature parts "etc. are inspected for the damages', and if necessary a part is repaired or replaced. However, since 
these parts are made of expensive superalloys, costs required to perform their repairing and replacement inevitably 
occupy a considerable portion of an overall operational cost. In order to reduce the operational costs, it is important to 
improve the accuracy of evaluation of remaining lives of these parts and hence aim at rationalizing any standards for 
repairing and replacement. 

30 [0005] Regarding techniques for evaluating the remaining life of the high-temperature parts, for example, in Japanese 
Published Unexamined Utility Model Application No. 4-27127, proposed are a method and its device for estimating 
thermal strain induced in members from measurement results of an exhausted combustion gas temperature and es- 
timating their damage. For other methods, in Japanese Published Unexamined Patent Application No. 4-355338 : pro- 
posed are a method and its device for evaluating the damages by taking in a crack initiation status of a member surface 

35 as an image and simulating crack growth using a certain probability model. Further, in Japanese Published Unexamined 
Patent Application No. 10-293049, proposed is a maintenance management device for the gas turbine that enables 
its maintenance by means- of damage evaluation based on changes of microscopic structure, and crack growth pre- 
diction, etc. 

[0006] In addition to these contrivances, used is a method wherein a sample is taken out of a part to be inspected 
and then imposed with a destructive test to estimate its damage, and the like. Further, in Japanese Published Unex- 
amined Patent Application No. 1 0-1 96403, devised is a life management device for judging necessity of repairing and 
replacement of each part of the gas turbine based on management of actual data thereof and their evaluated lives and 
displaying the results. 

[0007] In applying the above-described methods to a practical use., professional knowledge and design data such 
^5 as materials data, results of structure analysis, etc. are necessary. Further, it is also important to prolong a period 
required for these evaluations in order to reduce operational costs necessary for installation maintenance. Further, to 
improve the accuracy of the evaluation, it is also important to maintain a circumstance where comparison and refer- 
encing of damage data of the past can easily be conducted. To do so, it is necessary to construct a database with 
information comprising a base of the evaluation and put the database into operation. Howeverthere is few cases where 
50 such information is integrated so as to be served as an available database because a person who installed the gas 
turbine, person in charge of maintenance management, its designer, etc. are different to one another. 
[0008] Owing to this, frequently it is likely to be a work requiring a considerable time in existing circumstances to 
prepare the damage data from results of inspection and evaluate the damage by referring to design data and material 
data. There is often the case where works necessary for performing, for example, preparation of material data neces- 
55 sary at time of designing, statistical analysis of real component damage data, review of design conditions based on it, 
etc. become complicated, because databases are not served in such an integrated form that allows various staff mem- 
bers to share information. To solve the difficulties, a remaining-life evaluation device and the life management device 
as described above have been proposed. However, respective factors in the evaluation, such as investigation of the 
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damage data of a real component, damage analysis : selection of material data, etc. still require professional knowledge, 
and hence its effective operation is in a difficult situation. 

[0009] In addition, although conventional methods enable an operator to obtain the damage and the remaining life 
of an object part, it is also an important task to optimize operation of the gas turbine based on the damage of a part 
5 evaluated, in order to reduce operational costs. To achieve this, results of the structure analysis when a loading pattern 
at time of start-up and shutdown is altered, material data under a condition where repairing is performed, etc. become 
necessary. However with current methods, it is difficult to rapidly formulate both prediction of the damage and the 
remaining life when these conditions are altered and the optimization of operation of the gas turbine with intent to 
reduce the operational costs consistently. 

10 

DISCLOSURE OF THE INVENTION 

[0010] Therefore, it is the object of the present invention to provide a system capable of rapidly performing the 
remaining-life management of the high-temperature parts of the gas turbine. 
15 [0011] In the present invention, a remaining-life management system for high-temperature parts of the gas turbine 
is constructed that is capable of using an Intranet and working in that environment. 

[0012] That is, the remaining-life management system comprises one server system and a plurality of other client 
systems, wherein the server system manages a program for performing the evaluation of the remaining life and the 
life management, and each client system has a subprogram for accessing the main database of the server system and 
20 entering data thereto. 

[001 3] Further, the remaining-life management system employs such a scheme that the results of the structure anal- 
ysis under conditions where a load variation pattern of start-up and shutdown is altered and life data of repaired mem- 
bers are saved in a database belonging to the client system dedicated to handling these specially, and any data nec- 
essary for the life management are transferred to the server system. 
25 [001 4] Furthermore, a system configuration of a client-server system is adopted that enables an organic combination 
of the damage database such as results of regular inspection etc., a structure analysis database, a materials database, 
etc. so that analytical evaluation of an inverse problem which is necessary to examine a life extending structure can 
be performed rapidly using real component field data. 

[0015] The life management is performed based on the evaluation of damage growth such as a crack in each part. 

30 in evaluating the crack growth, it is necessary to set several operating parameters such as the combustion gas tem- 
perature, the wanning temperature, and the operating time for one start-up and shutdown, etc. When these parameters 
change, stress and strain induced in the members change, and hence the damage growth rate also changes. 
[0016] If change of the stress etc. due to the change of an operating parameter is analyzed one by one and the life 
is evaluated based on the results, it takes a considerable amount of time. To circumvent this problem, the damage 

35 growth is evaluated beforehand under a condition where each operating parameter is altered and a relationship between 
the damage growth rate and the amount of alteration of each operating parameter is found, respectively. From those 
relationships, a rate of change of the damage growth rate when each operating parameter is altered is obtained as an 
acceleration coefficient or index as compared to that of standard conditions. Using the acceleration coefficients or 
indexes enable damage growth analysis under arbitrary conditions to be performed rapidly 

40 [0017] Furthermore, the above-described acceleration coefficients are set based on results of the damage analysis 
using the stress and strain that were found through the regression analysis of data obtained at a regular inspection of 
the real component or through the structure analysis under conditions with altered operating parameters beforehand. 
[0018] Using the above damage growth analysis, it is evaluated whether operating parameters can be altered so 
that the damage growth rate is lowered so much as to enable the period of repairing and replacement to be extended 

45 and whether an economic effect can be obtained through that alteration, in addition, change of the damage growth 
rate due to repairing and coating application is also evaluated and stored, as is the case with the above-described 
acceleration coefficients. By performing the above-described damage growth analysis plural times, alteration of a time 
of repairing, a repairing method, a time of coating application, or a time of inspection that can give the largest economic 
effect are judged and displayed within the limit of a predetermined operation program (i.e. operational mode such as 

so OSS and WSS, a time of inspection, etc.). 

[0019] By the way, when evaluating the effect of coating, in order to consider the thermal shield effect of coating, a 
relationship between the stress and strain obtained in the structure analysis under conditions where the heat transfer 
coefficient of a member surface is changed and the life of the member depending upon thermal boundary conditions 
obtained from the damage growth analysis, which were stored beforehand, are used. 

55 [0020] The evaluation of the damage growth is performed for each part. Results of evaluation for each part is shown 
on an arrangement drawing of each part. Thus, a person in charge of device management now can grasp damage 
situation of each part easily. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

5 FIG. 1 is a diagram showing a configuration of the'remaining-life management system according to the present 

invention. 

FIG. 2 is a diagram showing flows of data between the server system and client systems in the remaining-life 
management system according to the present invention. 

FIG. 3 is a diagram explaining a concept of an evaluation method that is used in an embodiment of the present 
to invention., with the use of a graphical representation. 

FIG. 4 is a cross sectional view of a substantial part of the gas turbine showing arrangement of high temperature 
parts of the gas turbine. 

FIG. 5 is a graph showing the combustion gas temperature of the gas turbine versus time from its start-up to 
shutdown. 

is FIG. 6 are graphs showing relationships between characteristic curves of temperature-strain hystereses for part 

A and Part Bona first-stage nozzle of the gas turbine and locations of part A and part B. 

FIG. 7 is a flowchart for the evaluation of the remaining life and the evaluation of the crack growth. 

FIG. 8 is a graph showing a temperature-strain characteristic curve of the first-stage nozzle of the gas turbine 

under conditions with varied warming temperatures of the gas turbine. 
20 FIG. 9 is a graph showing a relationship between the damage value and the warming temperature in a relationship 

between the damage of the first-stage nozzle of the gas turbine and the warming temperature. 

FIG. 10 is a graph showing crack growth behavior of the first-stage nozzle of the gas turbine operated in the DSS 

mode. 

FIG. 11 is a graph showing crack growth behavior of the first-stage nozzle of the gas turbine operated in the WSS 
25 mode. 

FIG. 12 is a graph showing a relationship between crack growth rate versus loading frequency. 
FIG. 13 is a graph showing the effect of operating time per one start-up and shutdown on the life. 
FIG. 14 is a graph showing a characteristic curve of temperature-strain hysteresis of the first-stage nozzle of the 
gas turbine when conditions of coating application are altered as parameters. 
30 FIG. 15 is a graph showing change of the damage value under conditions of the coating application. 

FIG. 16 is a flowchart showing flows for selecting repairing methods in the remaining-life management system 
according to the present invention. 

FIG. 17 is a graph showing change of the crack growth behavior before and after the first-stage nozzle of the gas 
turbine was repaired. 

35 FIG. 1 8 is a graph showing a relationship between the life-lowering rate after repairing and the crack length before 

repairing on the first-stage nozzle of the gas turbine. 

FIG. 19 is a graph showing the crack growth characteristic of repaired members. 

FIG. 20 is a graph showing a relationship between operating stress and the crack length of the first-stage nozzle 1 
of the gas turbine before repairing. 
40 FIG. 21 is a graph showing the difference of the crack lengths of the first-stage nozzle of the gas turbine dependent 

on repairing methods. 

FIG. 22 is a flowchart for evaluating the effect of the coating application on the first-stage nozzle of the gas turbine. 
FIG, 23 is a cross section of a member on which coating was applied. 

FIG. 24 is a graph showing a relationship between the member temperature of the first-stage nozzle of the gas 
is turbine and the thermal conductivity the high-temperature side. 

FIG. 25 is a graph showing a relationship between the operating stress of the first-stage nozzle of the gas turbine 
and the member temperature. 

FIG. 26 is a graph showing a relationship between the life and the thermal conductivity of the first-stage nozzle of 
the gas turbine, which is used to evaluate the life extension rate dependent on the change of the thermal conduc- 
50 "tivity. 

FIG. 27 is a graph showing an example of evaluation of an optimal time for coating application and repairing for 
the first-stage nozzle of the gas turbine. 

FIG. 28 is a diagram showing an indication example of damage distribution in the nozzle ring of the gas turbine. 

55 BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] FIG. 1 shows a configuration diagram of the life management system of the gas turbine 1 for a gas turbine 
power-generating unit. A server system 3 acting as a main component of the present system and a main database 4 
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are located in the center of a network and a plurality of client systems 5a, 5b, 5c, and 5d and the server system 3 are 
connected in a manner of the network connection. Each of the client systems 5a, 5b, 5c, and 5d has a browser for 
accessing the server system 3 as well as a computer and a database in compliance with each objective. 
[0023] For example, the client system 5a used for operations management collects data concerning operating states 
5 of the gas turbine 1 from the monitoring device 2, transfers necessary data to the server system 3 via its browser and 
receives results of evaluation of the remaining life corresponding thereto and an optimal system operation schedule 
from the server system 3. 

[0024] At the client system 5b dedicated to the maintenance, the damage data of each member obtained at time of 
regular inspection are entered thereto, these damage data being exchanged with the server system 3, and judgments 

*0 concerning the evaluation of the remaining life of parts and their repairing and replacement are performed. The eval- 
uation of the remaining life is done using the following two methods at the same time: (1) an inductive evaluation 
method wherein a tendency analysis of the damage growth is performed through analytical processing etc. using the 
damage data of members of the past; and (2) a deductive evaluation method wherein the stress and strain exerting 
on the members are evaluated through the structure analysis etc. based on the design conditions and operations data, 

is and based on these results, the crack growth analysis is performed by means of, for example, the fracture mechanics 
and the like. 

[0025] In the latter, the deductive evaluation, necessary design conditions and material data are transferred from 
each of the client systems 5c, 5d to the main database 4 and the evaluation is performed there, and at the same time, 
data processing based on the real component damage data etc. with intent to review the design conditions can also 
20 be performed. For example, in a thermal stress analysis of the high-temperature parts, thermal boundary conditions 
(i.e. environmental temperature, the thermal conductivity, etc.) are reviewed so that the results of analysis become 
similar to a damage distribution of the real component. 

[0026] In that occasion, results of damage investigation such as a cracking situation etc. of a certain part, namely a 
position of crack generation and its length are schematically illustrated on a drawing of the part. Next, the drawing of 

25 the part is divided into a plurality of areas having a suitable size and a contour map of the damage is formed, each 
contour having the same amount of damage evaluated by using the data of cracking situation, and transferred to the 
client system 5c of a designer. An operator who reviews alteration of design conditions alters appropriately the design 
conditions such as its thermal boundary conditions, reviews calculation conditions so that results of the stress analysis 
come near to the above-described contour map, and reexamines the stress. Its results are transferred to the server 

30 system 3 and the remaining life is evaluated there. 

[0027] Moreover, occasionally when the real component is inspected, a portion of a part is sampled as a specimen 
and inspected destructively, or without sampling a specimen, a part is inspected in a non-destructive manner, so that 
deterioration degree of the part is evaluated. The experimental results are entered to the materials client system 5d. 
By comparing the test results with data stored in the materials database 6, the remaining life of the part is evaluated, 

35 and the result is transferred to the server system 3. 

[0028] ' In the present life management system, the above-described inductive evaluation method is called as ten- 
dency evaluation of the remaining life, the deductive evaluation method is called as analytical evaluation of the remain- 
ing life, and the evaluation method by means of destructive/non-destructive testing of the real component or its sampled 
member is called as destructive/non-destructive evaluation of the remaining life. Actual evaluation of the remaining life 

*o is performed by integrating these evaluation methods. FIG. 2 depicts data flows in the integrated evaluation of the 
remaining life. The damage growth is evaluated by both the tendency evaluation and the analytical evaluation of the 
remaining life. The tendency evaluation is performed in the server system 3 after the damage data of the real component 
were transferred from the client (#2) 5b to there. The analytical evaluation is also performed in the server system 3 
after the results of the structure analysis were transferred from the client (#3) 5c to there, if there arises a difference 

4 $ between the results of both evaluation methods, the conditions of the structure analysis are reviewed by transferring 
data between the above-described client system 5c and the server system 3 and the analytical evaluation is recalcu- 
lated. 

[0029] Through the above procedures, the evaluation of the damage growth is performed. In the destructive/non- 
destructive evaluation, the critical damage value is evaluated in the server system 3 based on the deterioration degree 
50 of the material evaluated by the client system 5d. Using these results, the integrated evaluation of the remaining life 
is performed and its results are transferred to the operations management client system 5a. An idea of this evaluation 
method is illustrated in FIG. 3 with the use of a graphical representation. 

[0030] In the present life management system, the server system 3 should be a relatively large computer such as a 
work station; whereas the client systems 5a : 5b.5c. and 5d are run by standard personal computers through Intranet 
55 connection, respectively, so that the client system can be operated without the need for special knowledge. 

[0031] In the following, shown is an embodiment according to the present development with a special emphasis on 
the nozzles, namely high-temperature parts of the gas turbine. FIG. 4 is a schematic illustration showing a high-tem- 
perature gas channel of the gas turbine, where a combustor liner 7a, a combustor transition piece 7b, a first-stage 



BNSDCCID: <EP 1217l89Al_l_> 



EP 1 217 189 A1 



nozzle 8a, a first-stage moving blade 9a, etc. are all high-temperature parts. Since the first-stage nozzle is located just 
after an exit of the combustor, that blade is a part exposed to a highest temperature in a turbine unit; there have been 
reported several cases where thermal fatigue cracks were generated on a surface of the first-stage nozzle due to 
thermal fatigue induced by temperature variation of the member in connection with the start-up and shutdown of the 
5 turbine. 

[0032] Because of this fact the first-stage nozzles are being regularly repaired and regarded as parts associated 
with a high necessity of improving a remaining -life extending technique and the life management. FIG. 5 is a diagram 
showing one example of variation pattern of the combustion gas temperature in connection with start-up and shutdown 
of the gas turbine. As an example of the thermal stress analysis of the first-stage nozzle of the gas turbine under this 
to condition, the middle and bottom of FIG. 6 show a temperature-sirain hysteresis of an end wall (part A) and that of 
blade trailing edge part (part B), respectively, of the first-stage nozzle of the gas turbine shown in the top of FIG. 6. In 
the above-described deductive method, the life of a member is evaluated using the result of this structure analysis. An 
example of the evaluation method is described in the following (1) and (2). 

[0033] (1) As shown in FIG. 6, a strain range is calculated from the results of the structure analysis. A fatigue life N f , 
75 a life when strain is repeatedly imposed on a member at the highest temperature in the cycle is obtained and its inverse 
(1/N f ) is referred to as fatigue damage D f . 

[0034] Next, the stress and temperature in the steady operation are obtained. During this period, thermal stress 
generated in a period from the start-up to the steady operation is being retained and stress relaxation takes place 
through creeping. Behavior of the stress relaxation is estimated by a creep strain formula for the material and creep 
?o damage is computed by the following formula. 



25 



45 



Dc = U cycle j^j) dt Equation 1 



where t R is a creep rupture life, which varies depending on the operating stress and the temperature. These data 
are provided from the materials database and used for the evaluation. In practice, the creep damage D c per one start- 
up and shutdown is found as follows: a stress relaxation curve is obtained; a period of the steady operation is divided 
into micro intervals; the creep damage for each interval is obtained in the same form as that of the equation 1 ; and 

30 respective creep damages are summed up. 

[0035] Summation of the fatigue damage and the creep damage both thus obtained is a damage value for one start- 
up and shutdown, and the number of start-ups and shutdowns at which the damage value reaches an upper limit value 
that was separately given is judged to be the life of the member. Here, the upper limit value is generally determined 
based on the life of a specimen obtained experimentally and it corresponds to a crack generation life during which the 

35 crack develops comparable to the diameter of the specimen. However, in the gas turbine nozzle, it is often the case 
that cracks longer than the above-described diameter may be allowed, and therefore the above method tends to bring 
about excessively conservative evaluation. 

[0036] (2) An appropriate initial crack length is set and the fracture mechanics parameters (such as a range of cyclic 
J-integral, a range of stress intensity factor, etc.) are computed. Since calculating formula for calculating fracture me- 
4 o chanics parameters have different forms according to shapes of members, modeling techniques for cracks, etc.. cal- 
culating programs corresponding to several typical models are being stored in the system. Here, suppose that, for 
example, an iterative integration J f is computed by one of the programs. Then, the crack growth rate is computed by 
the following formula. 



da/dN = C(AJ f ) m Equation 2 



[0037] This crack growth rale can be considered to be the amount of crack growth for each one of start-up and 
shutdown, and therefore a sum of the initial crack length assumed and this amount becomes a crack length after one 
50 start-up and shutdown. Then the initial crack length is substituted with the amount thus obtained to find a subsequent 
crack length. By repeating the similar calculation, the crack growth can be predicted. In this case, the life is regarded 
as a number of start-ups and shutdowns by which the crack length reaches a certain limit length. 
[0038] When the above-described technique is applied to a practical case, a variation speed of the gas temperature 
at time of start-up and shutdown, effects of an environment in use, etc. must be considered. To find these data exper- 
ts imentally, it is necessary to conduct a number of experiments and it is often the case that each experiment is difficult 
to be carried out under conditions embracing the real component conditions. Consequently, in the analytical evaluation 
of the remaining life according to the present system, the damage is evaluated according to flows shown in FIG. 7. 
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The damage under objective conditions is evaluated, for example, by first evaluating the damage under standard 
conditions, such as design conditions etc., and then introducing coefficients and indexes representing effects of factors 
affecting the life as acceleration coefficients of the damage growth rate. 

[0039] D 0 and C, m shown in the damage analysis program of FIG. 7 are damage values or coefficients or indexes 
"5 of a crack growth characteristic under the standard conditions, and coefficients K v K 2 C 1t C 2 are coefficients rep- 
resenting the effects of respective factors. These coefficients are obtained using experimental data : data of the structure 
analysis performed with varied factors as parameters, and the real component damage data, and stored in the main 
database 4. Operation history data and damage history data shown in FIG. 7 are transferred from the monitoring device 
2 and the maintenance client system 5b to the server system 3. Further, necessary material data are transferred from 
10 the main database 4 to the server system 3. The evaluation is performed using these data according to flows shown 
in FIG. 7. 

[0040] A derivation method of the above-described coefficients K 1? K 2 C v C 2 — , etc. is explained below. By way 
of example, FIG. 8 shows results of the structure analysis performed with varied warming temperatures T w . It is ex- 
pected that decreasing the warming temperature lowers generated strain at time of start-up and delays the crack 
*s growth. Based on resuits of this analysis, the damage growth rate is obtained by the same method as that of the 
analytical evaluation of the remaining life and a coefficient representing an effect of the warming temperature is eval- 
uated. In practice, in order to associate the coefficient with the real component data, the coefficient is determined in 
such a manner as shown in FIG. 9. . 

[0041] FIG. 9 shows a graph with a horizontal axis for the warming temperature and a vertical axis for the damage 
20 value, where a solid line in the figure represents a relationship between the warming temperature and the damage that 
was obtained by the above-described method (1) or (2) from the result of the structure analysis. In the figure, the 
damage data obtained for the gas turbine with different warming temperatures are plotted and the results of the analysis 
are reviewed so that the data thus obtained and the above-described solid line are consistent with each other within 
a certain rage of error. Regarding the operating time per one start-up and shutdown, behaviors of the damage growth 
25 observed in the real component are shown in FIG. 1 0 and FIG. 11 , which indicate that the damage growth considerably 
depends upon the operating modes, such as DSS, WSS, etc. 

[0042] From this fact, the effect of the operating time can be presumed in the light of a relationship between the crack 
growth rate and the ioading frequency, for example, shown in FIG. 1 2. FIG. 12 is obtained from the results of a crack 
growth test of the nozzle member. Since the loading frequency can be considered as an inverse of the operating time 

20 per one start-up and shutdown, reduction of the load frequency means that a period from start-up to shutdown becomes 
longer. By deriving an approximate equation for these data, a coefficient representing an effect of the operating time 
can be obtained. The coefficients obtained from FIG. 12 can be applied, as it is; to the above-described damage 
evaluation method (2); whereas in the case of the method (1), these are applied in a such manner that the relation 
between the life and the operating time per one start-up and shutdown, as shown in FIG. 13, is obtained from the 

35 results of the crack growth analysis using these coefficients and then the relation is formulated. 

[0043] In practice, since factors other than the warming temperature affect the relation, the real component data 
plotted in FIG. 9 and FIG. 12 exhibit ensembles with a very large variance. Therefore, with respect to each of all factors 
that should be considered, the same graph as FIG. 9 is prepared and the regression analysis is performed. That is, 
data fitting is performed with varied coefficients and indexes included in respective calculating formulas for coefficients 

to of each factor (k 1 , m 1; c 1f etc. in FIG. 7), and the coefficients and indexes are determined so that the results of evaluation 
fall in a certain given range. 

[0044] In the foregoing, described is an embodiment for a case where the damage of a part currently in use is eval- 
uated; whereas for a case where the life extension of each part is examined using the present life management system, 
an embodiment for computing the effect is described below. FIG. 14 shows the results of a case where the thermal 

4 $ stress analysis is performed under the conditions where the thermal shield coating is applied on the member surface 
and generated stress is found. From the analysis, the coating reduces the member temperature, hence also reducing 
generated stress. Corresponding to this result, FIG. 15 shows resuits or the damage evaluation that was performed in 
according to the evaluation method described above in (1). The results indicate that the coating application reduces 
the creep damage to approximately 60 % of the initial value. From this result, it is judged whether the coating application 

50 should be executed or not in the light of which is significant, the amount of-cost reduction by parts life extension achieved 
by coating or cost, increment imposed by coating. 

[0045] In practice, not only the coating but also the repairing, alteration of a start-up and shutdown pattern, etc. are 
considered to be a life extension method. FIG. 16 shows its evaluation flows included in the present system. Flows 
until the remaining life evaluation device 10 are the same as described above and the evaluation is performed in the 
55 server system 3 based on the results of inspection which were entered in the maintenance client system 5b. Based 
on the results, at a time when the repairing is required, several repairing methods are considered as candidates, and 
the life extension rate and necessary costs corresponding to a case where one of the candidates and the thermal 
barrier coating (TBC) are applied are judged by the judgment devise 11 for long-life achieving technique using the 
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database 12 pertaining to repairing methods. 

[0046] This database 12 and the judgment device 11 are included in the main database 4 and the server system 3. 
As a result of its judgment, considering also the remaining life at a scheduled time of replacement a repairing method 
and a time of repairing that can minimize operational costs per unit time are selected and transferred to the operations 

5 management client system 5a, respectively. 

[0047] As for data contained in the database 12 pertaining to repairing methods, there are, for example, damage 
growth data such as a crack of a repaired member which was used actually in the real component, as shown in FIG. 
1 7, etc. and the life lowering rate of the repaired member obtained experimentally. If modification of the life lowering 
rate due to repairing does not depend on the amount of repairing, the value is saved as it is; if it depends on the amount 

io of repairing, with intent to simplify the evaluation on and after this procedure, a relationship between the amount of 
damage, such as a crack length before repairing etc., and the life lowering rate after repairing is saved, as shown in 
FIG. 18. 

[0048] Furthermore, as for the crack growth characteristic,, relationships between fracture mechanics parameters for 
respective repairing methods (cyclic J-integral etc.) and the crack growth rate obtained experimentally, as shown in 
'5 FIG. 19, are saved. By substituting data of the parent member with data of these repaired members and performing 
the above-described evaluation method (1) or (2), the remaining life of a high-temperature part that was repaired is 
evaluated. 

[0049] As for estimation of a stress value that is necessary in performing evaluation, anaiysis with varied operating 
sLress is performed beforehand and the resuits obtained is saved as a relationship between the operating stress and 
20 the crack length. at the same number of start-ups and shutdowns, as shown in FIG. 20. Then the operating stress is 
estimated from the crack length at time of repairing. This procedure is taken to enable a simple and easy evaluation 
by obtaining such relationships separately, because it is realistically impossible to consider the variance of the damages 
for each one of parts mounted on the real component. 

[0050] The operating stress thus estimated is used for the crack growth analysis after repairing. FIG. 21 shows its 
25 evaluation method, in which how the crack length will change by the operating stress after the number of start-ups and 
shutdowns that are scheduled just after repairing until a next regular inspection or replacement is obtained by perform- 
ing the crack growth analysis using the relationship of FIG. 19. By providing the operating stress obtained in FIG. 20 
to this finding, the amount of the crack growth when each repairing method is applied is estimated. From the results, 
which repairing method should be applied is judged. 
30 [0051 ] The effect of the coating application is evaluated in different flows from that of repairing, as shown in FIG. 22, 
because the temperature of a member after the coating application is varied from the initial value. The life computer 
13 is a device for performing similar arithmetic execution as a damage analysis program of FIG. 7. Data to be entered 
to the life computer 1 3 are provided from the database 1 4 whose data were formed based on the results of the structure 
analysis with varied thermal boundary conditions. This database 14 is composed of the results of the structure analysis 
35 performed by the design client system 5c and is stored in the main database 4 through the server system 3. The life 
evaluation, is -executed by the server system 3 and its results are displayed as the life extension rate. Considering the 
costs as well this, a time of coating application and a part to be applied with coating that minimize the operational costs 
per unit time are determined in the same manner as of the case of repairing. 

[0052] Since, in the structural analysis for computing the data to be entered to the thermal boundary condition- 
40 operating stress database 14, it takes a considerable time to perform the structure analysis actually by modeling a 
extremely thin coating layer on the member surface, the thermal shield effect of the coating is substituted with the 
change of the heat transfer coefficient to perform the computation by the following method. 

[0053] FIG. 23 shows a typical diagram of the cross section of the coating member. From the heat conduction cal- 
culation, the heating value passing through the cross section is given in the following formula. 

45 

(7* - Tm) Equation 3 



55 



[0054] Symbols l c and X c are the thickness and the thermal conductivity of the coating layer, respectively. From this 
formula, the coating layer can be treated as a heat transfer boundary equivalent thereto by the following formula. 

1 1 '« - t - „ 

T~t = 7- — + ^- equation 4 

h h gas K 

[0055] A symbol h' that can be obtained by changing l c and X c appropriately is used to perform the thermal stress 
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analysis, and the effect of the coating on the generated stress is evaluated by the structure analysis. The results are 
saved in the database 14, as shown in FIG. 24 and FIG. 25, in the form of the relationship between the member 
temperature and the heat transfer coefficient and the relationship between the operating stress and the member tem- 
perature. These relationships differ depending on a part, and therefore data are accumulated for every part where the 

5 evaluation is necessary. 

[0056] On the basis of these relationships, the crack growth analysis when the operating stress decreases is per- 
formed with the above-described evaluation method (2), the relationship between the crack growth life thus obtained 
and the heat transfer coefficient is' obtained for each part beforehand as shown in FIG. 26, and the life extension rate 
by coating is evaluated by using this relationship. 

w [0057] Considering the evaluation of the life extension rate mentioned above as well as the costs, it is judged whether 
the coating application is effective or not. A computer 15 for that purpose also exists in the server system 3, which 
performs the evaluation by obtaining the data from the costs database 1 6 recorded in the main database 4. An example 
of its evaluation is shown in FiG. 27. By the way, as for the selection of a repairing method, the evaluation is performed 
based on the same idea as in FIG. 27. When the gas turbine is put into operation with a given interval of repairing, if 

15 the damage values such as the crack etc. are estimated not to exceed the limit values in each period of time from 
repairing to repairing as in FIG. 27(a), it is judged that the coating is unnecessary. However, if it is estimated that the 
life can be secured without applying the repairing one time by virtue of the life extension achieved by coating as shown 
by the broken line, a content indicating this is displayed. 

[0058] If the interval of the repairing is fixed, the evaluation is completed with this. If the interval is alterable, the 
20 . damage growth analysis for a case where the coating is applied at the scheduled time of repairing is performed, as 
shown in FIG. 27 (b)(c), and an optimal time of repairing under the conditions is found. In practice, similar analysis for 
cases where different repairing methods are applied is performed, so that damage growth curves shown in FIG. 27 
become available for all operation schedules considerable. 

[0059] From these results, the total cost is calculated by summing the costs necessary for repairing and coating and 
25 the remaining life at time of replacement that is converted into a cost, and the total cost is divided by the operating 
time to find a total cost per unit time. Several operational schedules are provided in ascending order of the total cost 
per unit time, so that an operations manager of the gas turbine now judges which schedule to adopt based on it. 
[0060] In a real component, a plurality of the same parts are used in a single gas turbine simultaneously and their 
damage growth rates may vary. Therefore, the damage inspection is performed for all parts and their data are collected. 
30 The results, for example in the nozzle, are displayed as a ring distribution diagram as shown in FIG. 28, which corre- 
sponds io an actual arrangement diagram of the parts, wherein the damage of each part is indicated with a color or a 
numeral according to its degree. In this diagram, a part light-colored corresponds to a part having non-serious damage; 
whereas a part dark-colored corresponds to a part having serious damage, and darker the color more serious the 
damage. 

35 [0061] Further, a predicted damage value after being operated for a certain period is also displayed in this diagram 
and a part that needs the repairing and the coating application is displayed with a time for these (not shown in FIG. 
28). Based on this' result, parts to be repaired or the like are specified. This procedure decreases the amount of work 
necessary at time of repairing, hence contributing to cost reduction. 

[0062] If this life management system is adopted, a period necessary for the evaluation can be cut down, because 
40 each element data necessary for the evaluation of the remaining life, such as real component damage, design, mate- 
rials, etc., are shared among different clients dedicated to different purposes. Further, operations now can be optimized 
based on the-damage of the parts that are evaluated, hence contributing to operational cost reduction. 

INDUSTRIAL APPLICABILITY 

[0063] The life management system according to the present invention finds, as a field of utilization, the life man- 
agement of high-temperature parts of the gas turbine. 



so Claims 

1. A life management system for high-temperature parts of a gas turbine which manages lives of parts composing 
the above-mentioned gas turbine and being arranged in a channel of combustion gas thereof, characterized in 
that: 

55 

the above-mentioned life management system comprises client systems, each of which is dedicated for each 
one of operations management, maintenance, design, and material data of the above-mentioned gas turbine; 
and a server system that 



9 

BNSDCCJO: <EP 1217189A1 J_> 



EP 1 217 189 A1 



integrates these client systems and manages a database for a whole system; 

wherein each of the above-mentioned client systems is set to have a function for performing access and entering 
data to the above-mentioned database, 
5 the above-mentioned server system saves a program for performing analysis necessary for the life management, 

and each of the above-mentioned client systems and the above-mentioned server system are connected via an 
Intranet. 

2. A life management system for high-temperature parts of a gas turbine according to Claim 1 , characterized in that 
10 the life management system is equipped with means comprising: 

a device for monitoring an operation pattern of the gas turbine; 

a database for storing relationships between the operating parameters of the above-mentioned gas turbine 
and damage or damage growth rate of the parts of the above-mentioned gas turbine; and 
75 a computer for analytically predicting the damage growth of the above-mentioned parts from the monitored 

operation pattern, 

wherein the above-mentioned means computes coefficients and indexes representing effects of the above-men- 
tioned operating parameters on the damage growth rate according to both damage data of the above-mentioned 
20 parts and operation history of the above-mentioned gas turbine, 

performs arithmetic execution by applying these as acceleration coefficients for the damage growth to the damage 
growth analysis that is executed by the above-mentioned computer, and 

computes and displays damages and the remaining lives of the above-mentioned parts or the amount of damage 
at time of next inspection. 

25 

3. A life management system for high-temperature parts of a gas turbine according to Claim 2, characterized in that 
the parts damage database. of the above-mentioned gas turbine stores coefficients and indexes representing the 
lives or the crack growth rates of above-mentioned parts under the operating parameters of the above-mentioned 
gas turbine through the regression analysis using the relationship between the above-mentioned number of start- 
ups and shutdowns and the damage of the above-mentioned part in the above-mentioned gas turbine under dif- 
ferent operating conditions, and these coefficients and indexes can be freely fetched and used when evaluating 
the damage. 

A life management system for high-temperature parts of a gas turbine according to Claim 2, characterized in that 
the above-mentioned life management system is equipped with means for computing the life extension rate of 
each part by analyzing sensitivity of the crack growth to alterable operating parameters; and 
means for computing alteration of operating parameters or alteration of operation schedule that minimizes the 
remaining life at a scheduled time of parts replacement for a given operation schedule. 

A life management system for high-temperature parts of a gas turbine according to Claim 2, characterized in that 
the parts damage database of the gas turbine stores coefficients and indexes representing effects of each of the 
above-mentioned operating parameters on the part life or the crack growth rate that was obtained beforehand by 
analyzing the damage growth of the above-mentioned part based on changes of operating stress exerting on the 
parts of the gas turbine, strain, and the temperature when each operating parameter is altered, and these data 
can be freely fetched and used when evaluating the damage. 

A life management system for high-temperature parts of a gas turbine according to Claim 2, characterized in that 
the above-mentioned life management system has 

a database pertaining to repairing methods corresponding to damage occurring in a part in use as well as the life 
extension rate and costs when one of these repairing methods is applied, and 

means forjudging a repairing method that satisfies requirements concerning a given operation schedule and costs 
corresponding to the damages of the parts of the gas turbine using the data of the above-mentioned database. 

A life management system for high-temperature parts of a gas turbine according to Claim 2, characterized in that 
the above-mentioned life management system is equipped with means for obtaining a relationship between a time 
of inspection of the part of the gas turbine and the damage of the part with a computer for analyzing the crack 
growth and judging and displaying a time of inspection that minimizes a cost per unit operating time by using the 
life extension rate when the above-mentioned relationship and each repairing method are applied, and a database 
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pertaining to costs. 

8. A life management system for high-temperature parts of a gas turbine according to Claim 6 ? charact riz d in that 
the life management system has either of means forjudging whether a cost per unit operating time is reduced by 
5 applying the above-mentioned thermal barrier coating and means for finding a time of coating application that 

reduces the cost, both means being driven with the use of a group cf data comprising: 

data of the amount of reduction of the stress versus the temperature when thermal shield coating is applied 
on a member surface of the part of the gas turbine that is obtained through the structure analysis with varied 
10 thermal boundary conditions; 

data of a life extension rate attained by the above-mentioned thermal barrier coating that is obtained through 
the damage growth analysis based on the above-mentioned amount of reduction of the stress; and 
data of costs pertaining to the above-mentioned thermal shield'coating. ■ 

75 9. a life management system for high-temperature parts of a gas turbine according to Claim 6, characterized in that 
the database is a database for storing, as data, a relationship between the damage before repairing, which was 
obtained experimentally or through the damage growth analysis, and the life lowering rate after repairing, wherein 
the data can be fetched freely from the database as data to be used in performing the life management of the part. 

20 10. A life management system for high-temperature parts of a gas turbine according to Claim 8 : characterized in that 
the database is a database for storing, as data, relationships between thermal boundary conditions, such as the 
heat transfer coefficient, the boundary temperature, etc., and induced stress and the lives of members parts, that 
was obtained by performing the structure analysis after substituting the thermal shield effect of the thermal barrier 
coating with a change of the thermal conductivity, wherein the data can be fetched freely from the database as 

25 data to be used in performing the life management of the part. 

1 1 . A life management system for high-temperature parts of a gas turbine according to one claim of Claim 1 to Claim 
10, characterized in that the life management system is equipped with means for displaying an arrangement 
diagram of the parts of the gas turbine, at the same time displaying the damage and the remaining life of each 
30 ' part on the arrangement diagram, and further judging and displaying importance of the damage investigation of 

each part from forecasted damage at a scheduled time of a next inspection according to a criterion given before- 
hand. 

35 
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